Abstract. The European Union has decided to reform its agricultural policy, and decouple CAP support partially from production. The aim of this study is to predict diversity effects of agricultural policy reforms in which direct aid payments are disconnected from production, and compare the outcomes with effects of such a policy in which CAP support is coupled. The study employs the dynamic regional sector model of Finnish agriculture. The sector model predicts regional land use, stocking densities, pesticide application areas, and nutrient balances. Diversity of arable land use is measured by Shannon's evenness index which describes diversity at landscape level. The results indicate that if agricultural support is independent from production, the amount of fallow land will increase considerably in the future. This will decrease diversity of agricultural land use at landscape level, but may not be harmful at species level since green fallow has some positive effects especially on densities and richness of farmland birds. Instead, the decrease in bovine animals is likely to run down biological diversity, since it simplifies crop rotation and diminishes grazing. 
Maatalouspolitiikkareformien vaikutuksista luonnon monimuotoisuuteen
Antti
Introduction
Diversity within an ecosystem enables the ecosystem to survive and be productive. Species diversity, in terms of both natural plants and crop species and their varieties, may also provide a buffering effect against losses to diseases and pests or adverse weather conditions. (Olson and Francis 1995, Collins and Hawtin 1999) Therefore, diversity at the agroecosystem level contributes to greater food security and employment opportunities, and a risk-averse farmer may prefer to cultivate various crops in order to reach a higher expected profit.
In Finland as well as in the other EU countries agricultural support plays a significant role in the formation of farmers' income, and production-linked support affects significantly farmers' decision- provide information concerning economic, social and biological dimensions of diversity (Olson and Francis 1995, OECD 2001) . Therefore, a decrease in environmental state variables (e.g. in variables measuring diversity) may trigger a response, for example, in agri-environmental policy. Altogether, the evaluation of land use, diversity and other environmental indicators may provide relevant information for policy-makers who consider various effects when formulating new policies.
The two policy reforms studied here are the mid-term review of the Common Agricultural Policy of the EU (MTR) and free agricultural trade (FAT). MTR stands for EU Commission's reform proposals of CAP, and FAT is a radical trade liberalisation scenario. Agenda 2000 represents the baseline scenario, i.e., no CAP reform after Agenda 2000. These reforms differ in terms of policy parameters, i.e., support for farmers and institutional prices of agricultural products. In addition, in the MTR and FAT scenarios agricultural support is decoupled (i.e. direct aid payments are disconnected) from production. The effects of farm policy reforms on Finnish agricultural sector are predicted and evaluated using the dynamic regional sector model of Finnish agriculture (Lehtonen 2001 ). This particular model has been used in this study, because it is detailed in terms of agricultural products and policy description. The sector model simulates agricultural production along with land and input use resulting from a given policy alternative. A dynamic sector model can also deal with several simultaneous or sequential changes in policy instruments.
The recent applications of agricultural sector models includes Topp and Mitchell (2003) In addition to diversity in agricultural land use, we also make an effort to predict biodiversity effects of policy scenarios. According to Duelli (1997) , biodiversity evaluation at regional level can be based on landscape parameters. Even though landscape diversity indicators give an overview about biological diversity, there are no general models which relate overall species diversity to landscape diversity (Jeanneret et al. 2003) . The relationship thus depends strongly on the organism examined.
Furthermore, according to Southwood and Way (1970), cited in Altieri (1999) , the degree of biodiversity in agroecosystems depend on four main characteristics:
1. The diversity of vegetation within and around the agroecosystem.
2. The permanence of the various crops within the agroecosystem.
3. The intensity of management.
4. The extent of the isolation of the agroecosystem from natural vegetation.
In this study, we predict policy driven changes in the diversity of arable crops and set-aside, and consider the effects of agricultural land use on diversity of natural species. Furthermore, we discuss the permanence of vegetation as a result of different land use forms and evaluate the intensity of management resulting from a given policy alternative.
The policy scenarios and the main elements of the modelling strategy are introduced in the second section of this paper. The third section presents arable land use predictions and the corresponding values of Shannon's evenness index. In addition to diversity index values, environmental indicators quantifying intensity of agricultural production, i.e., stocking densities, aggregate nutrient balances and pesticide application areas, are used to improve the analysis on potential policy effects on the state of the environment and biodiversity. It is especially interesting to see the environmental performance of the MTR scenario, because the Commission of the European Union has announced that the CAP reform will promote the environment. Finally, land use implications on biological diversity are discussed, and some conclusions are drawn in the last section of the study.
Methods

Dynamic Regional Sector Model of Finnish Agriculture
Our study employed the dynamic regional sector model of Finnish agriculture (DREMFIA), which, when given the reform-specific policy parameters, simulated the Finnish agricultural sector up to the 
Policy Scenarios
The base scenario (i.e. Agenda 2000) provided the baseline forecast for the development path of agriculture. The predictions of alternative policy scenarios, MTR and FAT, were compared with the results of the base scenario. Since adjustment to a policy change takes a long time, we compared the diversity of arable land use between policy scenarios based on the sector model predictions of agricultural land use in the year 2015.
Agenda 2000
On the 
Mid-Term Review Proposals of Common Agricultural Policy
A radical suggestion in MTR proposals is the decoupling of most direct CAP subsidies from production (Commission of the European Communities 2002). As a result, a new single, lump-sum income payment per farm will replace most of the direct EU payments currently offered. At first, the level of single payment will be based on historical payments. In addition, farms will face a cap of direct aid payments of €300.000 per holding. Under a policy called dynamic modulation, all direct payments will be decreased annually by 3%, until in 2011 a final total of 20-per-cent decrease is reached. The money thus saved will be allocated from market support to rural development measures in the EU budget. The intervention price of cereals will be cut by 5% in 2004, and the intervention for rye will be abolished. Four alternative reform options were suggested to dairy sector. In the calculations below, it was assumed that the Agenda 2000 measures continue with a further price cut -15% in the intervention price of butter, and 5% in the intervention price of skimmed-milk powderand a further 3% increase in quota. Furthermore, it was also presumed that there is an additional LFA support for milk and beef farms. 
Free Agricultural Trade
In the FAT scenario, it was assumed that the global liberalisation of agricultural trade will lead to following policy adjustments and reforms in the CAP: National aid for Finnish agriculture will be withdrawn. Prices of agricultural products in the EU will fall into world market price level which is assumed to be 5-20% lower than the MTR price level. Agricultural support will be decoupled from production. Direct area payments will be equal for all crops as well as set-aside, and support includes a requirement of maintaining land in good agricultural condition. In addition, application of milk quota system was presumed to continue until the end of 2010.
Diversity of Agricultural Land Use
The diversity of agricultural land-use comprises of richness and evenness (Olson and Francis 1995) .
Richness of agricultural land use refers here to the number of different land-cover classes i.e. cultivated crops as well as bare and green fallow on utilised agricultural area (Table 1) . Evenness of agricultural land use, for its part, refers to the uniformity of distribution of the area among land-cover classes. Uncultivated marginal land area left out of agricultural production was not included in the land-cover classes, since the further use of marginal land areas is not known.
Since richness is a function of scale, and because cultivated agricultural areas (including fallow) vary in size among scenario outcomes, Shannon's evenness index (SHEI) was applied in the land-cover diversity calculations (McGarigal and Marks 1995) . The value of SHEI was calculated according to the formula:
where m is the number of land-cover classes, i P measures the proportion of area covered by landcover type i and ln denotes natural logarithm. In theory, the values of SHEI range from the minimum of 0 to the maximum of 1. Maximum diversity is reached when the distribution among land-cover classes is perfectly even.
Stocking Densities, Nutrient Balances and Pesticide Application Areas
Livestock stocking densities measure the intensity of production. Stocking density for bovines was calculated by dividing the livestock units (LU) by hectares of area under grass. Instead, when calculating stocking densities for pigs and poultry, hectares of fodder cereals (barley, oats and mixed cereals) were used as a denominator.
Aggregate surface balances (surplus/deficit) for nitrogen and phosphorus per cultivated area, excluding set-aside, were calculated by adding the nutrient content of fertilisers, organic manure, and nitrogen depositions, and subtracting the mineral content of the harvest and losses to the atmosphere.
The nutrient surplus (kg/ha) provides an indicator of the production intensity as well as potential nutrient losses and environmental damage to surface and ground waters.
The amount of pesticide application area is also reported. Chemical pesticides enhance agricultural productivity but also pose potential risks to human health and the environment. They may for example cause contamination of surface water.
Links to Biological Diversity
The whole spectrum of biodiversity is complex and impossible to measure thoroughly (Duelli 1997 ).
Therefore we focused on agricultural land use and measured its diversity at landscape level. According to Jeanneret et al. (2003) , the relationship between landscape and species diversities strongly depends on the organism examined. Since agricultural land provides habitat area for both crops and wildlife (especially weeds, vascular plants, insect pollinators and birds) we based our analysis on previous studies. The effects of land use changes to wildlife species diversity were discussed by means of some examples from the literature. Furthermore, in many OECD countries the expansion of farm production and intensification of input use are considered a major cause of the loss of biodiversity (OECD 2001).
Our approach also caters for these things even though the share of agricultural land in Finland is less than 10% of the total area (Yearbook of Farm Statistics 2002).
While the Finnish agricultural sector model is applicable when predicting agricultural land use diversity, there are also some shortcomings in the approach used. Most importantly, since not designed for that purpose, the sector model ignores areas of field verges, buffer zones, traditional rural biotopes and other semi-natural habitats which are important from the point of view of biological diversity.
Furthermore, if the land use predictions of the agricultural sector model were disaggregated to field parcel level, this feature would enable more accurate spatial analyses and predictions of the environmental effects of agriculture.
Results
Diversity of Agricultural Land Use
The aggregate agricultural land-use results of base, MTR and FAT scenarios for 2015 are presented in Table 3 .
Continuation of Agenda 2000
The base run of the agricultural sector model indicated with certain exceptions that if Agenda 2000 policy continued, there would be no substantial changes in the proportional areas of land-cover classes in the future (Table 1) . However, the total amount of cultivated area, including fallow and cultivated grassland, would decrease significantly in the future. The most important change therefore concerns the amount of marginal farming land taken out of production, the amount of which would increase in Finland approximately ten times, i.e., from 0.7% to 7% of total agricultural land, from 2002 to 2015.
Such a change results from investments in larger dairy facilities, which, in turn, lead to a regional concentration of production in all parts of the country. Consequently, the demand for feed (grain and grass) decreases in many areas. This weakens market prices and profitability of grain production, and some land is left idle. Because also pork and poultry production continue to concentrate into large production units, both relative and absolute increase in the uncultivated land area will be largest in southern Finland and smallest in northern Finland (Table 2) . 2) Grass area includes dry hay, silage, and green fodder. Table 1 also indicates that cultivation of winter wheat becomes unprofitable, and the area under winter wheat decreases markedly by 2015. This is due to higher production costs of winter wheat compared to spring wheat, while there is little difference in the crop yields between them. Also the amount of bare fallow land diminishes in the future. The above-mentioned changes in land allocation lead to a bit more uneven arable land-use distribution in 2015. Therefore the value of SHEI in 2015 calculated for whole Finland is slightly lower than the corresponding value in 2002 (Table 3) . Regionally, the biggest decline in diversity occurs in northern Finland, where the value of SHEI decreases from 0.61 in 2002 to 0.41 in 2015. The cause of this drop is the significant increase in the relative amount of grassland area (specifically silage area).
Agenda 2000 vs. Mid-Term Review of Common Agricultural Policy
When comparing the agricultural land use predictions of the MTR scenario for 2015 to the corresponding results of the base scenario, we found that the MTR resulted in almost four times larger green fallow area than Agenda 2000 (Table 1 ). This is due to large reductions in milk price and decoupled CAP payments. These cuts significantly reduce incentive to invest in milk production.
Since farms are small and production costs are high, most dairy farmers exit milk production and make only the minimum effort to receive the CAP payments, i.e., they leave their land as set-aside. In relative terms, the difference in the green set-aside area between the two scenarios was largest in northern and central Finland. In both regions green set-aside area will increase significantly as a result of MTR.
Compared to Agenda 2000, the areas devoted to oats, barley, green fodder and silage will be smaller under MTR scenario. Table 1 also indicates that the cultivation of rye almost comes to an end as a consequence of the mid-term review policy proposals, which include elimination of the intervention system for rye. In addition, the amount of winter wheat cultivated in 2015 is minimal as a result of both scenarios.
As a whole, the land-use predictions for the year 2015 indicated that arable land-use diversity, measured by SHEI, will typically be a little lower due to the MTR policy reform when compared to the continuation of Agenda 2000. The only exception occurs in northern Finland, where the distribution of arable land-cover classes will be more even and the corresponding value of SHEI higher as a result of MTR compared to the base scenario (Tables 2 and 3 ). This is mainly because MTR in northern Finland, as opposite to other regions, will increase the area under cereals. This occurs because northern dairy farmers exit unprofitable dairy production, increase cereal area and hence remain eligible for CAP payments. It is also worth mentioning that the CAP payments per hectare, including compensatory payments for milk, are relatively high in northern Finland under MTR scenario.
Agenda 2000 vs. Free Agricultural Trade
Under FAT scenario, over 58% of the used arable area in 2015 will be devoted to green set-aside (Table 1) , the area of which will be almost eight times larger than under the base scenario. Such a dramatic increase in fallow area is due to the fact that the world market prices alone do not provide a sufficient incentive to carry on animal and cereals production on most farms in Finland. Area-based flat rate support, however, can be obtained if land is kept in good agricultural condition, which is the case in fallow land. The vegetated set-aside provides a low cost alternative to bare fallow, because the vegetation need not be renewed every year.
Due to the high dominance of vegetated fallow land, the values of SHEI for FAT scenario are clearly lower than that of the other scenarios everywhere except in northern Finland (Table 3 ). The relative differences between results of the two scenarios concerning the green set-aside area were once again largest in northern Finland and smallest in Ostrobothnia, implying that as a result of FAT scenario, the proportion of green set-aside will increase most in northern Finland.
Under free agricultural trade, the areas under fodder cereals, green fodder and silage decrease markedly. Table 1 also implies that compared to the base scenario, the amount of cultivated grassland is almost three times smaller under FAT. The area under each cereal (except for winter wheat) is also considerably smaller in the FAT scenario. In addition, free agricultural trade will bring down potato and sugar beet areas.
Stocking Densities, Nutrient Balances and Pesticide Application Areas
The effects of the different agricultural policies on livestock densities are shown in Table 4 . Although the amount of livestock is typically lowest under FAT scenario, free agricultural trade resulted in highest aggregate bovine (0.94 LU/grass hectare) and pig densities (0.31 LU/feed hectare) in 2015.
This somewhat unexpected result is due to the fact that under FAT scenario some feed grain is imported and animal production is concentrated in large production units in the most feasible agricultural areas. Due to reduced crop prices and substitution of grain for grass in feeding, the grass and forage areas decline considerably more than the amount of livestock units. Hence the livestock densities increase despite of lower animal product prices. The highest aggregate poultry density (1.54 LU/feed hectare) was achieved as a result of MTR scenario, but regional differences in poultry densities are large. The lowest pig and poultry densities in 2015 were due to base scenario. Aggregate bovine density was lowest as a result of mid-term review proposals. This is because the cut in milk price is in relative terms larger than the price reduction of grain, which also affects the value and amount of grass fodder used in feeding. phosphorus surpluses are clearly highest in northern Finland already in 2002. This is due to the dominance of dairy production and the use of purchased feeds, such as concentrates and grain, in feeding. Table 5 also indicates that the continuation of Agenda 2000 policy would slightly increase aggregate nitrogen surplus on the agricultural land which remains in production. This is because grain is further substituted for grass in the feeding of bovine animals, and the fact that total of 7% of agricultural land in less productive areas becomes idled while production quantities remain unchanged from 2002 to 2015. In 2015, the preference order between scenarios in terms of reduced aggregate nutrient balances is unambiguous at the level of whole country. Free agricultural trade will result in lowest aggregate nitrogen and phosphorus surpluses in Finland as a whole. The second in succession is MTR. Thus highest aggregate surpluses are due to base scenario. There are, however, regional differences. MTR will result in lowest nitrogen and phosphorus surpluses in northern Finland and lowest nitrogen surplus in central Finland. Table 6 shows that the agricultural areas treated with pesticides will typically be smaller in the future than today. The only exception occurs in Ostrobothnia under base scenario, where larger cereal area in 2015 will lead to a larger pesticide application area. In 2015, the pesticide application areas are largest as a result of base scenario and smallest as a result of FAT scenario everywhere, except in northern Finland. There, base scenario will lead to the smallest pesticide application area, and the largest area treated with pesticides occurs in northern Finland under MTR scenario. 
Discussion and Conclusions
The aim of this study was to predict and compare diversity effects of alternative agricultural policy reforms in Finland. When we evaluated the effects of policies on agricultural land use, the main finding was that the amount of fallow land will increase considerably, if agricultural support is decoupled from production. At the landscape level this change decreases diversity of arable crops and set-aside as a result of both MTR and FAT scenarios in all other parts of the country except in northern Finland. The effect to the biological diversity, however, may not be as harmful as Shannon's evenness index implies, since at species level, green fallows seem to have some positive effects especially on densities and richness of farmland birds (Haukioja et al. 1985 , Helenius et al. 1995 , Tiainen and Pakkala 2000 , Tiainen and Pakkala 2001 . Firbank et al. (2003) concluded that especially rotational set-aside provides suitable habitats for breeding birds, but the benefits of set-aside for scarce arable plants in England were little. Furthermore, Steffan-Dewenter and Tscharntke (1997) and Critchley and Fowbert (2000) remark that green fallows are poorer habitats than meadows when considering species diversity of vascular plants or insects.
It is also interesting to note that if the future agricultural policy will resemble the current Agenda 2000 policy, there would be a risk that the area of land taken out of agricultural production may increase especially in southern Finland and Ostrobothnia. This is because it may be economically rational to leave land as it is, since agricultural support under Agenda 2000 is linked to production and the establishment of set-aside or fallow includes costs. In this case, at least the loss of agricultural landscape is evident, but it is not easy to say whether biodiversity in its entirety is enhanced or not when an open field is converting (or converted) into forest.
Of the single crops, it seems that the cultivated area of winter wheat will decrease from the current level as a result of each scenario studied. This is unfavourable development from the point of view of biological diversity and nutrient leaching, since winter cereals offer vegetation cover for soil during winter. The area under another winter cereal, rye, is highly dependent on the crop price paid. In the There are large regional variations in the agricultural nutrient balances in Finland. There will be such variations also in the future: both nitrogen and phosphorus surpluses will be high in northern Finland as a result of all scenarios studied. In the whole Finland, MTR and FAT scenarios result in lower nitrogen and phosphorus surpluses than the base scenario in 2015. This is because livestock production, and especially that of dairy and beef cattle, decreases more as a result of those scenarios in which CAP support is decoupled. Although decrease in nutrient surpluses is desirable, decline in livestock farming has also negative environmental effects, since outdoor grazing also declines.
Furthermore, the crop rotation on a farm becomes more simplified when the farmer exits animal husbandry, since grassland is no longer needed in the farm (Pitkänen 2001) .
The fact that FAT scenario resulted in highest livestock densities was due to the concentration of production in most favourable areas and the low price of purchased feed, which in turn leads to small grass and forage areas. In addition to lower diversity at landscape level, the potential environmental concern when CAP support is decoupled from production is that although the resulting agricultural land use may be extensive at the aggregate level, there may be some large production units and intensive geographical regions in Finland where animal production is concentrated. On one hand, this may cause environmental problems, but on the other hand, concentration may ease the control of these problems.
Main elements of dynamic regional sector model of Finnish agriculture
The dynamic regional sector model of Finnish agriculture (DREMFIA) is a dynamic recursive model which simulates the development of agricultural investments and markets from 1995 up to 2020. The structure of the model is presented in Figure A-1 . The model consists of two major parts: (1) a technology diffusion model which determines sector level investments in different production technologies; and (2) an optimisation routine which simulates annual production decisions (within the limits of fixed factors) and price changes, i.e., supply and demand reactions, by maximising producer and consumer surpluses subject to regional product balance and resource (land and capital) constraints. MAX: producer and consumer surplus -annual market equilibrium -different yields and inputs in regions -feed use of animals changes endogenously -constraints on energy, protein and roughage needs of animals -non-linear milk yield functions for dairy cows -domestic and imported products are imperfect substitutes -processing activities of milk and sugar -export cost functions
Optimisation
The most important medium-and long-term driving force of agricultural production in the model is the module of technology diffusion. Nevertheless, if major changes take place in production, price changes, as simulated by the optimisation model, are also important to consider. The Armington assumption, which means that imported and domestic products are imperfect substitutes, is utilised.
The changes in domestic production and foreign trade of agricultural products imply price changes. The sector model caters for the most important production lines of agriculture, including crop production, dairy production, production of beef, pork and poultry meat, as well as egg production.
The arable crops, as an example, comprise barley, oats, malting barley, mixed cereals, rye, wheat, oilseed plants, sugar beets, potatoes for human consumption, starch potatoes, silage, green fodder, dry hay, and peas. The open and green set-asides are also included in the model.
